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Extended Abstract
Modeling of the San Joaquin valley using SWAT can give a comprehensive
overview of hydrologic traits of the San Joaquin River and its tributaries, specifically for
nutrients like nitrate. The San Joaquin valley is a site of intense modeling interest and
policy making, as the San Joaquin River joins the Sacramento River to feed into the
Delta. The environmental impact of dissolved oxygen on aquatic life on the Delta is a
particularly key concern (Quinn 2000). The San Joaquin watershed also represents
considerable investment in agriculture on the valley floor and has been studied for nitrate,
sediment, and salinity concerns particularly with regard to agricultural runoff. Evaluation
of model accuracy and utility are important for any future studies on the San Joaquin
River for hydrology and nutrients, especially in regards to policy making. Criteria for
model evaluation are based on model accuracy and reliable conclusions on the watershed
traits. The accuracy of the model is summarized by the goodness-of-fit (e.g., NashSutcliffe efficiency, mean of sum of square residuals), as well as the ability of the model
to reproduce trustworthy results. Reliable conclusions concerning the hydrological
simulation of the San Joaquin are based on recognizable hydrology trends in surface flow
and nutrient origin and transport, particularly nitrates.
Models are a tool used by engineers for a better understanding and explanation of
natural phenomena and may provide predictions in a deterministic or probabilistic sense
(Ritter 2001). Models simplify real life scenarios and situations. If models are used
correctly, with the proper understanding of the utility as well as the flaws of modeling,
they can sufficiently represent reality to justify decisions and formulate policies. Many
hydrologic models, models which try to represent hydrologic conditions through the use
of physical laws and mechanistic approaches, have been developed for research,
management, and regulation for Water Resources Engineering purposes. Developing
public and water stakeholder trust in hydrology models is important for model use in
decision making and policy support, which is essential for emerging water management
problems like urban water supply reliability, environmental restoration, climate change,
floods, and agricultural water security. California’s complex water system depends on
how well the water community develops and uses data and models to address these water
management problems (CWEMF, 2005).
SWAT is an example of a water resources model potentially useful for Best
Management Practices (BMP). The Soil and Water Assessment Tool (SWAT) is an
extension of the ArcGIS program. The SWAT model is robust and computationally
efficient, representing 30 years of modeling efforts under the direction of the United
States Department of Agriculture (USDA) Agriculture Research Service (ARS). SWAT
is used by the Environmental Protection Agency (EPA) in their Better Assessment
Science Integrating Point and Nonpoint Sources (BASINS) software package, and has
been assessed by over 250 peer-reviewed published articles (Gassman, 2007). SWAT is
capable of simulating weather, hydrology, soil processes, nutrient transport, and land
management. Continuing investment in SWAT validation indicates the need for

implementation, linking policy making to stakeholder trust in model validation. SWAT
has already been studied as a method of modeling nitrate (Stewart et al. 2006, Chaplot et
al. 2004, Bracmort et al. 2006, Gassman, 2007), but not for the San Joaquin watershed.
Although nitrate nitrogen is an essential plant nutrient, it is considered a water
pollutant in excess and is therefore monitored by the EPA with a Maximum Contaminant
Level (MCL) of 10 mg/L (EPA). A high nitrate level in drinking water is particularly
unsafe for infants, the elderly, and young animals when the nitrate converts to nitrite in
the digestive tract, causing methemoglobinemia (also known as blue baby syndrome) (Ng
et al. 2000). Excess nitrogen can occur from agricultural runoff, where supplemental
nitrogen is applied to maximize crop yield. Thus the San Joaquin valley is a prime
candidate for nitrate monitoring, where nutrients have been linked to algae growth and
the dissolved oxygen sag in the delta (Quinn 2005) and nitrate and uranium pose the
greatest threats to the long term sustainability of the ground water resources in the eastern
San Joaquin Valley (Jurgens 2008).
SWAT models the complexity of the nitrogen cycle in the water, atmosphere, and
soil, and includes the soil profile and the shallow aquifer. Nitrogen processes like
nitrification, denitrification, ammonia volatization, and leaching can be calibrated by
various nutrient parameters during the calibrating process (Neitsch, 2005). A calibrated
watershed model for flow and sediments is a necessary precursor to nutrient calibration.
An initial delineation of the watershed according to the combined datasets of the Digital
Elevation Model (DEM), land use dataset, and soil classification (STATSGO), gave 55
subbasins with the selection of the Vernalis monitoring site (#11303500) as the outlet.
Further classification for modeling purposes produced 370 Hydrologic Response Units,
in order to represent segments of watershed which lend the same hydrologic response.
Four reservoirs nestled in the foothills on the eastern side of the San Joaquin valley (New
Melones, Don Pedro, Millerton, and Exchequer) were included in the model to help
account for sediment and nutrient retention and simulate reservoir release rates.
A sensitivity analysis using the Latin-Hypercube (LH) and One-factor-At-a-Time
(OAT) method will be conducted for the time period 1993-2000 for the various parameter
sets corresponding to flow, snowmelt, sediment, and nutrients. Based on observed data
from water gages on the San Joaquin and its tributaries, a parameter ranking will help
determine which parameters should be included in the calibration. The sets of calibration
and validation for the same time period as the sensitivity analysis are to be snowmelt,
surface flow, sediment content, and nitrate concentration, according to gage stations
suggested in Luo 2008. These gage stations will include the Vernalis monitoring outlet
and a water monitoring gage upstream of the reservoirs. Including several stages of
calibration, one or more for each measured output, helps distinguish model accuracy and
validation for each of these output variables. The calibration process is based on a global
optimization procedure called Shuffled Complex Evolution Algorithm (SCE-UA), and
has been widely used in watershed model calibration (Liew 2010).
Known hydrologic trends for the San Joaquin River will provide the framework
for model validation and evaluation. Modeled flow outputs should resemble known
surface flow trends, such as 70% of total flow measured at Vernalis coming from the
Sierra Nevada region (Quinn 2002). Similarly, nutrient origin and transport can be
compared to previous nutrient studies (Saleh 2007), which assure that the drainage from

the Mud and Salt Sloughs accounts for nearly half of the nitrate in the San Joaquin
(Stringfellow 2008).
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